Abstract-The non reciprocal effect of such devices as microstrip and coplanar isolators can be based on the field displacement phenomenon induced by a magnetized ferrite material. The structure under study is made from a ferrite thin-film deposited on a alumina substrate. A non symmetrical coplanar line is put on the ferrite film and the absorber is made from either a graphite film or a Tantalum Nitride film or a copper slab. In order to work in millimeter wave range the barium ferrite was selected. Moreover, the size of the component could be less than the circulator one. The small size and simple shape are the principal advantages of a coplanar isolator structure.
INTRODUCTION
Isolators constitute essential components used in telecommunication systems. A possible way to design isolators suitable for integration consists in using ferrite thin films. To reach millimeter wave band, ferrites having a high magnetocristalline anisotropy must be used (in high frequencies bands from 28 GHz to 40 GHz and 50 GHz to 65 GHz for LMDS and WLAN applications). Moreover, the use of permanent magnets is not allowed and the magnetic material must be self-biased [1] [2] [3] [4] to achieve the passive component integration on a microwave circuit. All efficient non reciprocal components use the field displacement phenomenon to obtain the non reciprocal effect.
One way to create an isolator consists in using a circulator with one matched port. Then, the signal propagation is only possible in the forward direction and not in the backward one. Even if the size of the circulator becomes small in high frequency bands, it should be possible to reduce it by designing a two port component such a line structure isolator. Stripline and microstrip structures were used for making line isolators [5, 6] . However, the coplanar topology simplifies the connections between components and planar low-cost devices can be made.
First, Wen proposed a coplanar isolator [7] . However, in this work, the non reciprocal effect is based on the gyromagnetic resonance phenomenon. Even if a high isolation can be reached, insertion losses still remain too important. Although the author apparently obtained good performances in low frequency bands, they become wrong in higher bands and the component cannot make use.
So, the following structure proposed here, is made from a non symmetrical coplanar line on a ferrite thin-film which was deposited on a alumina substrate. The field displacement phenomenon is used to produce the non reciprocal propagation. The absorber is made from either a graphite film or Tantalum Nitride (TaN) film or a copper slab.
In this approach, our objective is not to completely design a component, but to perform a feasibility study. We have no comparison (no reference) between our coplanar structure and microstrip line isolator at this frequency range.
COPLANAR ISOLATOR STRUCTURE
The structure on study is shown in Figure 1 . When the magnetic thinfilm is polarized along the z-axis, the electromagnetic field is moved on one side of the line according to the propagation direction. In the forward direction the influence of the absorber and the insertion losses still remain low. On the other hand, in the backward direction the absorber has a great influence and the isolation becomes high. The line asymmetry makes the location of the absorber easier. Many geometrical parameters and material constitutive parameters affect the performances.
SIMULATION RESULTS AND DISCUSSION
The results were obtained from Ansoft HFSS software, a three dimensional electromagnetic finite elements simulator. The choice of the magnetic material is carried out on barium ferrite. This material has been extensively studied due to its potential applications in recording and millimetre wave devices. This material has a strong uniaxial anisotropy about 1.7 T and a high frequency gyroresonance in the range of 40-50 GHz.
As specific parameters used in the simulation, the BaM ferrite has been modelled in its saturation state with a perpendicular polarization and a magnetic saturation M s = 0.48 T, a dielectric constant ε r = 14.2 and a ferromagnetic resonance line width ΔH = 500 Oe. As comment, we do not deposit oriented barium ferrite thin-film but only polycrystalline material without oriented easy axis, so, at this time, without suitable material the first results are simulation results assuming self-biased and mono crystalline magnetic material. Results obtained with a graphite absorber are shown in Figure 2 .
The curves show that the structure behavior is the isolator one: there is a great nonreciprocal effect. The isolation reaches 24 dB while the insertion value is 8 dB around 48 GHz. Non reciprocal effect requires the location of an absorber material at one side of the structure. So, an asymmetrical field distribution in the structure and the location of the absorber on one side induce more losses in the backward propagation where a field displacement phenomenon takes place. As expected, this nonreciprocal effect exists only if a perpendicular polarization of the ferrite thin film is applied and if an absorber is located at one coplanar line side. The dimensions of the asymmetrical coplanar line are chosen to keep a quasi-TEM propagation mode [8, 9] , as S = 72 µm, W 1 = 40 µm, W 2 = 1200 µm, h = 635 µm, physical length 5 mm and 100 µm thickness of graphite. A taper is added for a good matching (50 Ω). Figures 3 and 4 show the influence of the ferrite thickness and the applied field intensity on the isolator performances. According to these results, the best performances are obtained when the external applied field value is 500 mT. Even if the insertion losses slowly increase when the thickness of the ferrite film increases (apart from the last point), the non reciprocal effect is better for around 30 µm ferrite thickness value.
Influence of the Applied D.C. Field and the Thickness of the Thin Magnetic Film

Influence of the Graphite Thickness and Its Location
Results in Figure 5 show the impact of the graphite thickness on the insertion losses S 21 and the isolation S 12 . The insertion losses increase with the graphite thickness contrary to the isolation. So, the 100 µm thickness value which gives the best result is kept. Other materials could replace the graphite absorber for improving the isolator performances. So, simulations have been done with Tantalum Nitride and copper (the thickness of copper equal to: 2 µm) and the results are shown in Figure 6 and Figure 7 .
From these results TaN shows more insertion losses contrary to the copper. From this analysis on three different materials used as absorber, the minimum insertion loss is obtained from the copper which has the highest conductivity, and the maximum loss is obtained from the TaN which has the lowest conductivity, (see Table 1 : for thin-film materials, these values can be changed according to skin effect and porosity. . .). However, the copper thin layer should not be considered as a pure absorber, even if a conductor with a finite conductivity as a pure absorber, even if a conductor with a finite conductivity creates losses. In our isolator design (see Figure 1) , the coplanar line and the thin copper layer constitute a waveguide filled with ferrite on one side of the line. So, when the field displacement takes place (for backward propagation), important losses occur which could due to several phenomenon like gyromagnetic resonance (predominant real part of the propagation constant), magnetostatic waves (forward volume waves) [10, 11] . . . .
The effect of the absorber location has been studied. It was located between the ground plane on one side and the central strip.
Results are not presented here but simulations showed that the best absorber position is equal to W 1 from the central strip to the right side of asymmetrical transmission line (see Figure 1 ) under the ferrite thin film. That gives the best performances about the isolation and insertion losses and makes the fabrication of the component easier. The best results are shown on Figure 8 with a copper absorber for 10 mm length and 2 µm thickness. Even if the insertion losses still remain too high, (around 10 dB/cm) the bandwidth can be evaluated to 1.5 GHz when the isolation is higher than 20 dB. Although simulations were carried out on the same structure (see Figure 7 ) the isolator length is increased twofold giving slightly different results. The difference between the curves obtained from the two samples is probably due to the FE software which has to make a new mesh. This is the reason why the Figure 8 is added and permits us to evaluate the bandwidth. On other hand, in order to improve the performances, metamaterials could be used as absorber, since they can create high losses in a fixed frequency range [12] . Results should be presented in a future article. This kind of isolator devices requires oriented barium thin film which is not easily available at present time. That still remains a technological problem to make a prototype and to perform some measurement. Figure 8 . S-parameters of isolator with 2 µm copper (absorber) and 15 µm ferrite thin film and 10 mm isolator length.
CONCLUSION
In this paper, a new type of a coplanar isolator with field displacement has been considered using an asymmetric coplanar waveguide and an absorber material. As expected, the field displacement effect has been observed. A study with different geometrical parameters and various values of external applied field has been done from Ansoft HFSS software. Acceptable nonreciprocal transmission characteristics have been obtained. The small size and the linear shape of this isolator is an advantage for MMIC devices. The making of the component is limited because the oriented barium thin film is not easily available at present time. This study must be continued and improved by using oriented BaM ferrite film and carrying out demonstrator device.
